2-(2-methyl-2-nitrovinyl)-furan (NVF) has recently been synthesized and the pharmaceutical industry interest in this compound has grown due to its antibacterial, fungicidal and anti-ectoparasitic activities. Therefore, the physicochemical characterization of new drug was conducted. In addition, two rapid, simple and suitable GC methods were developed for determination of NVF. Analyses were carried out with an Agilent DB-5ms capillary column (60 m × 0.25 mm i.d., 0.25 µm film thickness). The GC-FID analysis employed splitless mode of injection, oven/injector/detector temperature of 160/230/280°C and nitrogen carrier at the flow of 5.0 mL min -1 . The GC-MS analysis employed splitless mode of injection, helium carrier at the flow of 1.5 mL min -1 , column temperature program with 2 min at 100ºC, ramp at 50°C min -1 to 260°C and injector and detector temperature of 250 and 290ºC, respectively. The MS conditions were ionization voltage, 70 eV; mass range, m/z 40-350; and ion source temperature, 200°C. The analysis time took less than 6 min. The results obtained in the validation of the methods suggest that these methods are economic, precise, accurate and linear over the range of analysis. The methods were successfully employed during the synthesis of NVF in order to ensure the quality of the raw material.
[6]. Despite the banning of NFs livestock production, some drugs are readily available for veterinary and human therapy. For instance, nitrofurazone is used for topical application on infected burns and skin infections [7] ; furazolidone is available for the oral treatment of cholera [8] , bacterial diarrhea, and giardiasis [9] ; and nitrofurantoin is commonly used to treat infections of the urinary tract [10] .
There are several analytical methods currently available for the determination of NFs either in pure form or in pharmaceutical formulations. The United States Pharmacopeia (USP) methods recommend direct spectrophotometric measurements for furazolidone and nitrofurazone, while a high performance liquid chromatography (HPLC) is suggested for the determination of nitrofurantion [10] . On the other hand, the British Pharmacopoeia (BP) methods recommend only spectrometric procedure for quantifying these NFs [11] .
Other accepted analytical procedures had been proposed for the assays of these NFs in pharmaceutical formulations including colorimetry [12] Recently, 2-(2-methyl-2-nytrovinyl)-furan (NVF, Fig. 1 ), a compound belonging to the family of nitro vinyl furan, was synthesized, patented and it demonstrated antibacterial, fungicidal and anti-ectoparasitic activities leading to its pharmaceutical industry interest [17] .
Ectoparasites are particularly bothersome for animals, including humans. Various compositions and application techniques are known for controlling or eliminating biting or blood-sucking pests (ectoparasites), such as fleas, ticks, flies, and lice, which often irritate or infest animals [18, 19] . In addition, infections on livestock can cause intense irritation leading to poor condition, weight loss, reduced milk yield or hide or fleece damage. The control of ectoparasites is, therefore, of great importance due to their effects on livestock profitability and the health status of animals. Although substantial need has existed in the industry for products which control or eradicate such ectoparasites, prior art attempts have failed to+ provide effective formulations which are capable of fully eradicating or controlling them while also being non-toxic to humans, animals and environment [20] [21] [22] .
Validation of analytical methods is mandatory in implementing a quality control system in any analytical laboratory. Analytical techniques such as HPLC, gas chromatography (GC) and capillary electrophoresis (CE), among others, have been extensively used in quality control of compounds [23] . A wide variety of compounds are used in the pharmaceutical industries and they all must be analyzed in some way or other and, just as importantly, the method of analysis must be validated, i.e., it must be shown that the method is fit for its intended purpose [24] [25] [26] .
To our present knowledge, the present paper describes the first method for analysis of NVF as raw material employing GC-MS. Another method using common and cheaper GC-FID equipment was developed and compared to GC-MS method. In addition, intending the physicochemical characterization and determination of the quality of the produced raw material, some additional experiments were conducted, such as loss on drying, residue on ignition, heavy metals, melting point, UV and IR absorption.
Experimental procedure

Standard solutions and chemicals
NVF was prepared following the method described in the literature, once this is a non-commercial compound (for more detail about synthesis see [17] ). A stock standard solution was prepared by dissolving 10.092 mg of NVF in ethanol in order to obtain a concentration of 1.0 mg mL -1 . This standard solution was used in dilution series to result in the following concentrations: 100, 150, 200, 250, 300, 350 and 400 µg mL -1 . This final solution was filtered through a 0.45 µm membrane filter and injected into the GC system. Ethyl benzoate (p.a. d 4 20 = 1.046) was obtained from Sigma Aldrich (Barcelona, Spain). A stock standard solution of ethyl benzoate (internal standard, I.S.) was prepared at 100 µg mL -1 . All these solutions were stored at -20°C in the absence of light. A novel 2-(2-methyl-2-nitrovinyl)-furan ectoparasitic drug: physicochemical characterization and determination of the raw material by gas chromatography mass spectrometry All chemicals were of analytical-grade in the highest purity available. Potassium bromide (KBr) was obtained from Sigma Aldrich (Barcelona, Spain). Water was distilled and purified using a Millipore Milli-Q Plus system (Bedford, USA). HPLC-grade ethanol and acetonitrile were purchased from Merck (Darmstadt, Germany).
Equipments used in characterization and determination of the quality of raw material
Fourier transform infrared (FT-IR) absorbance spectrum was recorded on a Rayleigh WQF-510 FT-IR (Beijing, China) spectrometer equipped with a DTGS detector. The KBr pellet technique was used to determine the structure of NVF. Determination of cobalt (Co), lead (Pb), iron (Fe), tin (Sn) and manganese (Mn) concentrations were carried out by means of atomic absorption spectrometry using a Phillips PYE UnicamSP-9 (Phillips PYE UnicamSP9, Cambridge, UK).
The melting point of NVF was determined on a Barnstead Electrothermal BI 9100 (Dubuque, Iowa, USA) apparatus in open capillary tubes.
Determination of quality parameters of NVF as raw material
Loss on drying test
First, the bottle was placed in an oven at 30ºC for one hour, then passed to a desiccator with silica gel until to reach room temperature, weighed and placed back in the oven for 15 min. This procedure was repeated until the weight remained constant. Next, NVF was accurately weighed (1.0 g) and uniformly distributed as in the bottom of the container, leading to drug layer not greater than 2 mm. NVF was placed in the oven for 4 h at 30°C and atmospheric pressure. Then, NVF was removed from the oven, and placed in a desiccator until it acquires the room temperature. The Loss on Drying (%LoD) expressed in percent, was calculated using the following formula:
Where: (Cr + Swd): weight of the crucible containing the sample without drying out; (Cr + Sd): weight of the crucible containing the dried sample; (Cr empty): weight of empty crucible.
Residue on ignition
Initially the sample of NVF was weighed (1.0 g) in a suitable crucible of porcelain and then it was ignited at 600 ± 50ºC for 30 min, cooled in a desiccator with silica gel, weighed and moistened with 1 mL of sulfuric acid. Next, NVF was heated on a griddle until completely carbonized and then the residue was moistened with 1 mL of sulfuric acid and heated gently until dense white fumes was observed. Then the samples was incinerated in a muffle for two hours at 600 ± 50ºC, and the residue was placed in a desiccator with silica gel until it reached room temperature. After weighed and reintroduced back into the flask for 30 min, the same procedure was repeated until it was obtained a constant weigh. The residues of ignition (% Ri), expressed in percent, is calculated using the following formula:
Where: Wi: initial weight of the crucible; Wf: final weight of the crucible with the residue; Wt: weight of sample.
Heavy metals
Initially the sample suffered digestion in acid medium, for this assay, the sample was accurately weighed (1.0 g) into a crucible that was heated on a griddle until complete carbonization. After finishing, the release of all vapors, the sample was combusted in a furnace at 500ºC for four hours. After that the residue was dissolved in a solution of HCl (1: 1) and transferred into a 50 mL volumetric flask. This solution was analyzed using atomic absorption and the metals analyzed were: Co, Pb, Fe, Sn and Mn. The conditions are represented in Table 1 .
Melting point
The melting point of NVF was determined in open capillary tube.
UV and FT-IR absorption
Spectra were performed with a solution of NVF at concentration 20 µg mL -1 in the UV region with different solvents such as ethanol, methanol, diethyl ether, carbon tetrachloride and petroleum ether (40 -60°C) to verify the maximum absorption of the NVF.
This assay records the spectrum of NVF in its solid state due the formation of a tablet with KBr, in order to observe the presence of functional groups demonstrated by characteristic bands of this substance in the IR region. For this purpose, the sample (2.0 mg) was mixed with 200 mg KBr (1: 100) and homogenized with pestle and mortar. The KBr pellets (diameter: 13 mm) were prepared under vacuum in a standard device under a pressure of 25 MPa for 1 min. Thirty-two scans per spectrum were collected and averaged in the wavenumber range 4000-500 cm -1 using the transmission mode at a spectral resolution of 0.85 cm -1 . The collected spectra were corrected against air as background. Samples were ground and mixed with KBr powder or pure KBr powder to be used as the blank.
Instrumentation and analytical conditions
The analyses were carried out on a Dani GC 1000 DPC (Dani Instruments S.P.A., Cologno Monzese, Italy) gas chromatograph (GC) equipped with a flame ionization detector (FID) and by a gas chromatograph coupled with mass spectrometer (GC/MS) model GC-MS-QP5050A from Shimadzu (Kyoto, Japan). Analytes were separated with an Agilent (Agilent Technology, Palo Alto, CA, USA) DB-5 ms capillary column (60 m × 0.25 mm i.d. and 0.25 µm film thickness). The GC-FID analyses were conducted at splitless mode of injection, column temperature at 160°C (isothermal analysis), injector temperature at 230°C, detector temperature at 280°C and nitrogen carrier at the flow of 5.0 mL min -1 . For GC-MS, the analyses were conducted at splitless mode of injection, helium carrier at the flow of 1.5 mL min -1 , column temperature program with 2 min at 100°C, ramp at 50°C min -1 to 260°C. Injector and detector temperature were set at 250 and 290°C, respectively. The MS conditions were ionization voltage, 70 eV; mass range, m/z 40-350; and ion source temperature, 200°C.
Method validation for NVF determination by GC-FID and GC-MS
The methods were validated for NVF analysis as raw material. The following parameters were evaluated: selectivity, linearity, precision, accuracy, limit of detection (LOD), limit of quantification (LOQ) and robustness [27, 28] . The solvent was injected and analyzed to evaluate the selectivity of the method. In addition, a full factorial experiment (2 3 ) was performed to evaluate the possible interferences of precursors, such as nitroethane (NE), furfural (FU) and isobutylamine (IBA) in the determination of NVF by GC-MS and GC-FID. It was prepared solutions of NVF at 250 µg mL -1 with different proportions of nitroethane, furfural and IBA. The lower level was established at nitroethane 1% (2.5 µg mL -1 ), furfural 1% (2.5 µg mL -1 ) and IBA 0.1% (0.25 µg mL -1 ). The upper level was established at nitroethane 5% (12.5 µg mL -1 ), furfural 5% (12.5 µg mL -1 ) and IBA 1% (2.5 µg mL -1 ). The linearity of the calibration curve was estimated based on the ratio of the peak area of NVF and the IS as a function of the analyte concentration covering the range of 100-400 µg mL -1 . The correlation coefficient (r) and the residual analysis were also calculated.
The LOD and LOQ were directly calculated using the calibration line. The LOD and LOQ values were calculated from the slope and the standard deviation (SD) of the intercept of the mean of the three calibration graphs determined by a linear regression model as defined by the International Conference on Harmonization (ICH) [27] [28] [29] . 3.3 and 10.0 factors, for LOD and LOQ, respectively, were multiplied by the ratio of the residual standard deviation (SD) and the slope (corresponding to the standard error of the slope).
The precision of the method was determined by repeatability and intermediate precision studies. Repeatability was determined by analyzing NVF samples (n = 9) at 250 µg mL -1 on the same day and under the same experimental conditions. Intermediate precision of the method was assessed by performing the analysis on two different days (interday) and by other analysts performing the analysis in the same laboratory (between analysts, 2 analysts). The accuracy was calculated using the recovery test, i.e., as the percentage of the drug recovered. Precision and accuracy results obtained were expressed in terms of relative standard deviation (RSD, %) and recovery percentage (R, %), respectively.
Comparison of GC-FID and GC-MS methods
A set of 10 samples at 250 µg mL -1 were prepared and injected into GC-FID and GC-MS in the previously A novel 2-(2-methyl-2-nitrovinyl)-furan ectoparasitic drug: physicochemical characterization and determination of the raw material by gas chromatography mass spectrometry optimized conditions. A paired t-test was applied for the data obtained to compare the results by GC-FID and GC-MS methods.
Results and discussion
Determination of quality parameters of NVF as raw material
NVF in crystalline state is yellow solid with a penetrating odor.
Loss on drying test
The Loss on Drying Test is designed to measure the amount of water and volatile matters in a sample when the sample is dried under specified conditions. This procedure is based on determining the mass change, through a process of drying the test sample in an oven at atmospheric pressure at 30°C [28, 30] . The data of loss on drying test are presented in Table 2 .
Residue on ignition
The Residue on Ignition Test is designed to measure the amount of residual substance not volatilized from sample when the sample is ignited in the presence of sulfuric acid [31, 32] . The data of Residue on Ignition Test are also presented in Table 2 .
Heavy metals
This procedure was based on the determination of heavy metals present in the sample of NVF using the atomic absorption method. The data obtained for determination of heavy metals are presented in Table 2 .
Melting point
The melting point of a substance is the temperature at which the material changes from a solid to a liquid state. Determining the melting point is a simple and fast method used in many diverse areas of chemistry to obtain a first impression of the purity of a substance. This is because even small quantities of impurities change the melting point, or at least clearly enlarge its melting range. The melting point of NVF is in range of 47-49°C.
UV and FT-IR absorption
The values of maximal wavelength in different solvents are presented in Table 3 . Fig. 2 
Method validation for NVF determination by GC-FID and GC-MS
The development and validation of two new methods by GC-FID and GC-MS for the quantitative determination of NVF was performed. For the optimization of the methods, we focused our attention on column types, onoven/injector/detector temperatures and on flow and type of carrier. The best conditions obtained employing GC-FID and GC-MS are presented in Figs. 3 and 4 , respectively. The selectivity was evaluated by the analysis of synthesis interferents as nitroethane (NE), furfural (FU) and isobutylamine (IBA). The data of concentration of NVF employing a full factorial (2 3 ) and p-values are presented in Tables 4 and 5, respectively. It was observed that the presence of these components did not interfere in NVF analysis.
Response ratio of peak areas between the corresponding compound and the internal standard versus theoretical concentration was fitted by a least-square linear regression. The calibration curves were linear over the concentration range of 100 -400 µg mL -1 with correlation coefficient (r) ≥ 0.998 for GC-FID and GC-MS (Table 6 ). The points in residual plots are randomly dispersed around the horizontal axis showing that the linear regression model is appropriate for the data. The lowest concentrations quantified by the methods are presented in Table 6 . 
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Methanol 349 Ethanol 350 Method precision was determined from the results of nine independent determinations of 100% of the test concentration of NVF. Both within-day and between-day RSD% of sample standards were < 2.0%. The accuracy was expressed as the percentage of analytes recovered (Recovery, R%) by the assay. The data is summarized in Table 7 . A novel 2-(2-methyl-2-nitrovinyl)-furan ectoparasitic drug: physicochemical characterization and determination of the raw material by gas chromatography mass spectrometry 
GC-FID and GC-MS method comparison regarding the determination of NVF
The developed methods were applied for the analysis of the synthesized compound. The test to analyze the differences between the developed methods was performed for the level of confidence set at 95% (p = 0.05). Regarding test means (averages), a paired t-test was applied (Table 8 ). The test removes any variations between samples [33] . The obtained value of t-stat is lower than two-tail t-critical, which leads to the conclusion that there is no significant difference between the means. As can be seen from Table 8 , the LOD and LOQ obtained by proposed method employing GC-FID was ~four-fold higher than the method employing GC-MS. This does not affect the analysis of the raw material by GC-FID. The procedure of sample preparation is very simple since the raw material was diluted, filtrated and injected into GC system. On the other hand, other methods furnish lower limits of detection than herein obtained, but with unsatisfactory sample throughput, due to preconcentration steps required or expensive chemicals and equipments. Finally, the methods present enough sensitivity for the determination of NVF in pharmaceutical formulations.
Conclusions
Two methods were developed and validated employing GC-MS and GC-FID for the determination of NVF in produced raw material. The validated methods presented all parameters in accordance with the confidence 
t Stat < t Critical
A novel 2-(2-methyl-2-nitrovinyl)-furan ectoparasitic drug: physicochemical characterization and determination of the raw material by gas chromatography mass spectrometry criteria established in the literature. The run times were lower than 6.0 min allowing the analysis of a large number of samples in a relatively short period of time. In addition, the developed methodologies were able to determine the quality of the raw material produced. Statistical tests indicated that both methods can be used for the determination of NVF. The raw material presented acceptable specifications to be produced. Therefore, these methods could be employed for the quality control analysis and for the stability tests of NVF, as well as, it could be further employed in the analyses of pharmaceutical preparations.
